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Summary
Theactin cytoskeletondynamically reorganizes thecy-
toplasm during cell morphogenesis. The actin-related
protein (Arp)2/3 complex is a potent nucleator of actin
filaments that controls a variety of endomembrane
functions including the endocytic internalization of
plasma membrane [1], vacuole biogenesis [2, 3],
plasma-membrane protrusion in crawling cells [4],
andmembrane trafficking from theGolgi [5]. Therefore,
Arp2/3 is an important signaling target duringmorpho-
genesis. The evolutionarily conserved Rac-WAVE-
Arp2/3 pathway links actin filament nucleation to cell
morphogenesis [6–9]. WAVE translates Rac-GTP
signals intoArp2/3activationby regulating thestability
and/or localization of the activator subunit Scar/WAVE
[8, 10–12]. The WAVE complex includes Sra1/PIR121/
CYFIP1, Nap1/NAP125, Abi-1/Abi-2, Brick1(Brk1)/
HSPC300, and Scar/WAVE [10, 13]: Defining the in
vivo function of each subunit is an important step to-
ward understanding this complicated signaling path-
way. Brk1/HSPC300 has been the most recalcitrant
WAVE-complex protein and has no known function.
In this paper, we report that Arabidopsis brick1 (brk1)
is a member of the ‘‘distorted group’’ of trichome mor-
phologymutants, a group that defines aWAVE-ARP2/3
morphogenesis pathway [14]. In this paper we provide
the first strong genetic and biochemical evidence that
BRK1 is a critical WAVE-complex subunit that selec-
tively stabilizes the Arp2/3 activator SCAR2.
Results and Discussion
brk1 Is a ‘‘Distorted Group’’ Mutant and Functions
within aWAVE-ARP2/3 Pathway
Arabidopsis trichomes are branched unicellular hairs
that follow a highly reproducible morphogenetic pro-
gram. Figures 1A and 1C are scanning electron micros-
copy (SEM) images of wild-type trichomes at several
developmental stages. Microtubule-based branch initi-
ation (stage 3) is followed by actin-dependent mainte-
nance of polarized stalk and branch elongation (stage 4)
[15, 16]. Following branch initiation, distorted mutants
swell and twist in a highly variable manner. Although
the distorted trichome phenotypes are the most striking,
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the shoot. Each of the eight known distorted mutants
corresponds to a WAVE- or AR2/3-complex subunit-
encoding gene [14]. In this paper, WAVE and ARP2/3 re-
fer to the entire complex or the collective functions of the
subunit-encoding genes. Double-mutant analyses and
biochemical data indicate that Arabidopsis WAVE posi-
tively regulates ARP2/3 [9, 17]. WAVE-dependent posi-
tive regulation of ARP2/3 involves the Scar homolog
SCAR2/DIS3/ITB3 [9, 18]. Scar/WAVE proteins potently
enhance the nucleation activity of Arp2/3 [19, 20]. Regu-
lation of Scar activity appears to be the primary function
of the WAVE complex; however, the control mechanism
is unclear [21]. Assembly of Scar into a WAVE complex
may negatively regulate its ability to activate Arp2/3 [8,
10], prevent Scar degradation [8, 11], or regulate Scar
localization in response to activating signals [12].
On the basis of the high level of amino acid identity be-
tween Arabidopsis BRK1 and other HSPC300 homologs
(Figure 2A) and of its potential allelism with the geneti-
cally linked but unknown distorted mutant doughboy
(D.S., unpublished data), we tested for BRK1 function
in the WAVE-ARP2/3 pathway. The brk1-1 and brk1-2
nonsense mutants were generated by using the re-
verse-genetic approach termed TILLING [22]. Each of
the three independently generated brk1 alleles caused
strong and stage-specific trichome swelling, twisting,
and a reduced branch length that is characteristic of
the distorted group (Figures 1B and 1D), but none of
them were allelic to doughboy. Like other ‘‘distorted
group’’ mutations, brk1-1 and brk1-2 segregate as
monogenic recessive alleles on the basis of both the
wild-type phenotype of F1 backcross individuals (n =
34) and the 3:1 segregation of wild-type:mutant plants
in F2 populations (c2 = 0.8, p > 0.3). We confirmed the
TILLING-facility brk1 allele sequencing data with PCR-
based molecular markers (Figure 2B). In segregating
populations, the brk1-1 (n = 26 chromosomes) and
brk1-2 (n = 32 chromosomes) phenotypes cosegregate
perfectly with the associated nonsense mutations. In
addition, crosses between brk1-1 and brk1-2 plants
failed to complement mutant phenotypes. Therefore,
two independent brk1-1 alleles (each causing an identi-
cal mutation) and the unique brk1-2 allele disrupt the
coding of the BRK1 gene and cause trichome distortion.
The finding that three independent brk1 alleles cause
identical trichome distortion phenotypes is proof that
the cell-shape defects are caused byBRK1 gene disrup-
tion. The brk1-1 and brk1-2 alleles probably reflect the
null phenotype, because both alleles severely truncate
the wild-type protein and cause an identical array of
phenotypes with indistinguishable severity.
We next tested for involvement of BRK1 in a WAVE-
ARP2/3 actin filament nucleation pathway. In cultured
Drosophila S2 cells, HSPC300 appears be resistant to
RNA interference (RNAi), and on the basis of the mild
knockdown phenotype of hspc300 relative to other
wave and arp2/3 RNAi lines, the gene does not clearly
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causes numerous epidermal cell-shape defects [23],
but WAVE and Arp2/3 gene functions have not been de-
fined in this system. If Arabidopsis BRK1, WAVE, and
ARP2/3 define a common pathway, all of the genes
should have an overlapping expression pattern. Like
other WAVE and ARP2/3 subunit-encoding genes [9],
BRK1 also accumulates in several major organ types
(Figure 2C). Microarray experiments that exhaustively
analyzed gene expression throughout plant develop-
ment also detect an overlapping expression pattern for
BRK1, WAVE, and ARP2/3 genes [24].
Strong evidence that BRK1 functions within a WAVE-
ARP2/3 pathway comes from the comparison of brk1
phenotypes to those of known wave and arp2/3 strains.
If BRK1 functions in the pathway, the mutant should
have an identical array of phenotypes. The extent of
swelling in brk1 stage 4 trichomes (Figure 1B) is similar
to that in wave and arp2/3 hairs. Forty-five percent (n =
11) of brk1 stage 4 trichomes have a maximum diameter
greater than 30 mm, and all mature trichomes have a re-
duced trichome branch length compared with the wild-
type (Figure 1D, Table 1). Etiolated brk1 seedlings, like
all known wave and arp2/3 plants, have a significantly
reduced mean hypocotyl length compared with the
wild-type (Table 1). Brk12 plants also have numerous
gaps between pavement cells (Figure 1F) and within files
Figure 1. The BRK1 Mutation Causes an Array of Phenotypes that
Defines the ‘‘Distorted Group’’ of Morphology Mutants
(A and B) SEM images of stage 4 trichomes on upper surface of de-
veloping wild-type and brk1 leaves.
(C and D) SEM images of stage 6 trichomes of wild-type and brk1.
(E and F) SEM micrographs of upper surface of 12 DAG cotyledons
taken from wild-type and brk1 plants. Insets are calculated skele-
tons that overlay the thresholded image of the highlighted pavement
cells in same panel. Numbers at the lower right side of a trichome in-
dicate the developmental stages. White arrows indicate the gaps
between adjacent pavement cells; arrowheads indicate the stomatal
pores. Scale bars represent 20 mm.of hypocotyl epidermal cells (Figure S1 in the Supple-
mental Data available online). No such cell-cell adhesion
defects are seen in the wild-type (Figure 1E, Figure S1).
We also examined the organization of the actin cyto-
skeleton in whole-mounted brk1 trichomes at the onset
of the mutant phenotype during stage 4. In addition to
a dense meshwork of cortical actin filaments, wild-
type trichomes at this stage generate in the core cyto-
plasm a population of actin bundles that are aligned
with the long axis of the branch. The actin cables extend
to the cell cortex along the apical dome of the develop-
ing branch (Figure 3A). Similarly stagedwave and arp2/3
branches have an extensive actin cytoskeleton, but
there are fewer bundles, and they lack a similar polarized
alignment [17, 25–29]. Developing brk1 trichomes also
fall into this category. Elongating brk1 branches contain
fewer actin bundles, and/or the cables fail to extend fully
toward the branch apex (Figure 3B). Compared with
100% (n = 6) of wild-type stage 4 branches that contain
properly aligned bundles, only 31% (n = 13) of similarly
staged brk1 branches have such an arrangement. This
percentage for brk1 branches is similar to what has
been reported for arp2/3 mutants, but is more severe
than known nap1 and sra1 actin defects [28, 29]. Mature
wild-type trichomes contain primarily cortical actin bun-
dles that are loosely aligned with the main axis of the
stalk and branches (Figure 3C). Elongated regions of
brk1 branches have a similar arrangement of actin bun-
dles, but locations of severely disorganized actin fila-
ments correlate with regions of cell swelling (Figure 3D).
Despite the presence of actin-based defects in distorted
mutants, the identity and functions of ARP2/3-gener-
ated actin filaments in plant cells are not known. None-
theless, the findings that brk1, wave, and arp2/3 have
distorted trichomes, similar actin defects, indistinguish-
able cell-cell adhesion defects, and a reduced hypocotyl
length provide strong evidence that these genes func-
tion in a common pathway.
Maize brick1 leaf epidermal cells completely lack the
crenulation that occurs along the lateral cell borders.
Arabidopsis brk1 pavement cells, like those of known
WAVE andARP2/3mutants [25, 27, 29], are clearly capa-
ble of lobe formation (Figure 1F). However, wave and
arp2/3 pavement-cell phenotypes ranging from small
cells with a near absence of lobes [3] to subtle quantita-
tive reductions in cell-shape complexity [30–32] have
been reported. Circularity is a quantitative descriptor
of shape complexity [33] and is a useful assay for pave-
ment-cell shape [31, 34]. A circle has a circularity of 1,
and as the perimeter increases relative to area, the value
decreases. For each genotype, we outlined individual
pavement cells from digital SEM or fluorescence images
and measured their perimeter and area (see Supplemen-
tal Experimental Procedures). The mean circularity of
0.43 for brk1 pavement cells was significantly greater
than the mean value of 0.23 for wild-type. For compari-
son, maize brk1 and wild-type cells have circularity
values of approximately 0.5 and 0.1, respectively (D.S.
and J.L., unpublished data).
In order to gain more information about the geometric
basis of the brk1 circularity phenotype, we developed an
objective procedure to count pavement-cell lobes. Be-
cause lobes are lateral protrusions from the cell bound-
ary, the feature can be recognized by a medial-axis
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897Figure 2. BRK1 Is an Evolutionarily Con-
served Protein, Mutation of which Causes Tri-
chome Distortion
(A) Alignment of BRK1 amino acid sequence
with homologs from selected species. Gen-
Bank accession numbers are as follows: Ara-
bidopsis thaliana, AF370530 (cDNA); Zea
mays, AY093614 (cDNA); Homo sapiens,
BC019303 (cDNA); Drosophila melanogaster,
AE003461 (annotated CDS); Caenorhabditis
elegans, AU202036 (cDNA); and Dictyostelium
discoideum, XM636737 (annotated CDS).
Black shading indicates identical residues,
and gray indicates conserved/similar resi-
dues. Methods: The alignment was con-
structed by using ClustalW. The gap-opening
and gap-extension penalties were set at 5
and 0.05, respectively. The gap-separation
penalty range was set at 8. Asterisks indicate
the Q18* mutation of the brk 1-2 tilling allele
and the R24* mutation of the brk 1-1 tilling
allele.
(B) brk 1-1 and brk 1-2 alleles severely trun-
cate the BRK1 protein. brk1-1 has a C-to-T
transition at base pair 70 of the coding region
and removes a TaqI site and introduces a
stop codon at R24. BRK-G-F2: TGTTTGTGG
AAGAGAGAGTTTTGG and BRK-1-R1: TCAA
TTGAATTCAAAACCCAACAC flank the poly-
morphism. Amplified wild-type DNA cut with
TaqI was 116 bp; brk1-1-amplified templates
had a 147 bp TaqI fragment. The brk1-2muta-
tion is a C-to-T transition at base pair 52 of
the coding region and introduces a stop
codon at Q18. dCAPS molecular markers
were created for Brk1-22 (http://helix.wustl.
edu/dcaps/dcaps.html). The primers BRK1-
2_dCAPS-F: GAACGCAGTAAACGTAGGAAT
CGCTGA and BRK1-2_dCAPS-R: GGAATTCG
AAGAGACGACGA create for amplified wild-
type DNA a 76 bp BclI fragment that is not
present in brk1-2 (102 bp).
(C) RT-PCR analysis showing BRK1 tran-
script levels in various organs. The no-RT
control for the flower RNA sample is shown
in lane 10. At 12 DAG, leaf 2 is fully expanded,
and leaf 4 is actively expanding. Methods:
The primer pair BRK-F: CACCATGGGGAA
AGCTGGAGGG and BRK-R: GGATCCTCAC
GTCGCAAACAGAGAAC was used to amplify
BRK1 mRNA. The GLYERALDEHYDE-3-
PHOSPHATE DEHYDROGENASE C (GAPC)
gene was used as a positive control in all
RT-PCR experiments. The RT-PCR methods
are as described in [9].transformation function that finds the midline skeleton
of a complex object (Figures 1E and 1F, insets). The
number of skeleton end points reflects lobe number.
Fully expanded wild-type cotyledon pavement cells
have skeletons with approximately 11 end points, nearly
twice the number of ends calculated for brk1 (Table 1).
For comparison, maize Brk12 pavement cells are nearly
perfect rectangles and have a mean number of three
ends, whereas the wild-type values range from approx-
imately 25 to 40 (D.S. and J.L., unpublished data). These
data suggest that Brk12 pavement cells fail to generate
or maintain normal lobe expansion. Importantly, the
phenotype does not necessarily define BRK1 function
solely within pavement-cell lobes. In the maize leaf,lobing is a cell-autonomous function [35] in which the
protrusive growth of lobes is coordinated with diffuse
growth along cell indentations. Numerous studies in
other species point to a complex interplay of micro-
tubule, actin, endomembrane, and cell-wall functions
during pavement-cell lobing [3, 23, 36–38]. BRK1 may
regulate one or more of the above processes.
PotentialWAVE-ARP2/3-Indpendent Function
of BRK1
Brk12 cotyledons contain a higher proportion of small
pavement cells. The mean pavement-cell area for brk1
is significantly less than that of the wild-type, sra1, and
arpc2 (Table 1). This phenotype cannot be attributed
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898Table 1. Comparison of brk1 Phenotypes to those of Col, arpc2, sra1, and scar2 Plants
brk1-1 (hspc300) Col-0 (Wild Type) arpc2 (dis2-1) sra1 (pir) scar2 (dis3)
Trichome Branch
Length (mm)
Branch 1 73 6 28 a (n = 10) 297 6 43** (n = 9) 74 6 49 (n = 7) 176 6 89* (n = 7) 198 6 58** (n = 9)
Branch 2 35 6 12 (n = 10) 243 6 64** (n = 9) 23 6 12 (n = 7) 77 6 49 (n = 7) 132 6 42** (n = 9)
Branch 3 17 6 11 (n = 10) 188 6 34** (n = 9) 17 6 5 (n = 7) 40 6 33 (n = 7) 98 6 37** (n = 9)
Etiolated Hypocotyls
Total Length (mm)
10.6 6 2.0 (n = 10) 18.5 6 1.8** (n = 10) 11.9 6 2.0 (n = 10) 12.5 6 1.8 (n = 10) N. D.
Pavement-Cell Size
(3104 mm2)
1.29 6 0.35 (n = 29) 1.98 6 0.62** (n = 25) 1.74 6 0.37* (n = 24) 1.65 6 0.34* (n = 26) 1.62 6 0.31* (n = 23)
Pavement-Cell Shape
Circularityb 0.43 6 0.09 (n = 29) 0.22 6 0.05** (n = 25) 0.39 6 0.07 (n = 24) 0.35 6 0.04** (n = 26) 0.26 6 0.05** (n = 23)
Skeleton endsc 5.6 6 2.1 (n = 29) 11.4 6 2.8** (n = 25) 6.9 6 1.9 (n = 24) 6.0 6 2.0 (n = 26) 10.2 6 2.4** (n = 23)
* and ** indicate significant difference from brk1 according to a Student’s t test for trichome branches and an ANOVA Bonferroni multiple-com-
parison test for hypocotyls and pavement cells. *p value < 0.05; **p value < 0.001.
a Mean value 6 standard deviation.
b Circularity is a descriptor of shape complexity.
c Number of skeleton end points calculated from the medial-axis transformation of thresholded individual pavement-cell images.to an effect of the er-105 that was used in the TILLING
project, because for all of the phenotypes shown in Ta-
ble 1, Col-0 er-105 plants were indistinguishable from
Col-0 (data not shown). The phenotype is not due to
background mutations because large numbers of small
cotyledon pavement cells have been seen in brk1 plants
sampled from several segregating backcross popula-
tions. Brk12 cotyledons compensate for a decreased
mean size by increasing cell number because the
mean cotyledon area of Brk12 plants does not differ
from the wild-type, sra1, and arpc2 (data not shown).
Cell size control may be a WAVE-ARP2/3-independent
function for BRK1. The finding that a significant fractionof HSPC300 is free and soluble [39] is consistent with
protein functions that are independent of the fully as-
sembled WAVE complex. However, because BRK1
physically interacts with multiple SCAR isoforms [40],
and potentially with additional WAVE-complex proteins
[39], hypothesized novel BRK1 pathways may involve
a subset of WAVE-complex proteins.
BRK1 Is a Critical WAVE Subunit that Selectively
Stabilizes SCAR2
In order to evaluate the relative importance of BRK1 in
the WAVE-ARP2/3 pathway, we compared the severity
of brk1 phenotypes with those of strains that are nullFigure 3. Actin Bundles Are Disorganized in
brk1 Trichomes at Early and Late Develop-
mental Stages
(A and B) Actin organization in wild-type and
brk1 stage 3/4 trichomes.
(C and D) Actin organization in wild-type and
brk1 stage 6 trichomes.
Actin bundles in trichomes are visualized by
using fluorescent phalloidin as previously de-
scribed [26]. Images in the panels are projec-
tions of the whole cell. st 3/4 denotes stage
3/4, a cell with both emerging and elongating
branch buds with a blunt tip; st 6 denotes
stage 6, a mature trichome with papillae on
the cell wall surface; br1 denotes branch 1;
and stk denotes stalk. The scale bar repre-
sents 10 mm.
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899for other WAVE- and ARP2/3-subunit genes. A compar-
ison of trichome branch length is the most sensitive as-
say to resolve differences betweenwave and arp2/3mu-
tants. First, it is clear from our morphometric analyses
that brk1 trichome and pavement-cell phenotypes are
more severe than those of scar2. This is expected be-
cause SCAR2 functions redundantly with other SCAR
paralogs, and scar2 phenotypes are the weakest among
the known distorted mutants [9, 18]. As stated above,
the extent of brk1 actin cytoskeleton disorganization is
greater than what has been published for nap1 and pir
mutants. In addition, the mean trichome length of brk1
is significantly less than sra1. However, brk1 trichome
branch defects are not more severe than arpc2 (Table
1). The similar trichome phenotype of Brk12 and
Arpc22 indicates that Brk12 reflects the WAVE null
phenotype, and it argues against hypothesized WAVE-
independent ARP2/3 activation pathways [14]. WAVE
may be the primary pathway for ARP2/3 activation
throughout the plant, because in pairwise statistical
tests, Brk12 pavement-cell shape complexity was sig-
nificantly reduced compared with Sra12, but was indis-
tinguishable from Arpc22 (Table 1). Our assays for hypo-
cotyl length and pavement-cell lobe number did not
clearly distinguish brk1, arpc2, and sra1. Compared to
circularity values, the medial-axis transformation proce-
dure may not be as sensitive to small or symmetrical un-
dulations in the cell perimeter.
The severe brk1 phenotypes are surprising. HSPC300
is a peripheral WAVE-complex protein that affects nei-
ther complex assembly [39] nor the ability of the com-
plex to activate Arp2/3 in vitro [13]. One function of
WAVE-complex proteins is to protect the Scar/WAVE
subunit from proteasome-dependent degradation [8,
11]. Among the four Arabidopsis Scar paralogs, only
SCAR2 is known to function within the WAVE-ARP2/3
pathway [9, 18]. Therefore, we assayed SCAR2 protein
levels in whole-shoot protein extracts isolated from
wild-type, sra1, nap1, scar2, and brk1 plants. The
SCAR2 antibody is specific, because the SCAR2 band
was not detected in scar2 extracts (Figure 4A, lane 4).
In three independent experiments, SCAR2 accumulates
to similar levels in Col, sra1, and nap1 backgrounds (Fig-
ure 4, lanes 1–3) and is also present in arpc2 extracts
(data not shown). Because sra1 plants have clear phe-
notypes, the SCAR2 protein in the mutant is not com-
pletely functional. Human and plant SRA1 homologs
are direct Rac1/ROP effectors [29, 41] that may couple
small GTPase activation signals to regulated localization
of the WAVE complex [12]. Therefore, sra1 phenotypes
may be due to the failure to translate AtROP signals
into a fully functional SCAR2 response. Alternatively,
there may be additional SRA1-independent WAVE acti-
vation pathways that lead to partial SCAR2 function.
The brk1 phenotype is associated with a severe de-
crease in SCAR2 protein accumulation, a decrease
that is unique to brk1 (Figure 4, lane 5). In three indepen-
dent trials, the mean level of SCAR2 is reduced more
than 60-fold in brk1 compared with the wild-type. It is
possible that the strong brk1 phenotype is caused by
the degradation of all WAVE-complex proteins. For ex-
ample, in Drosophila, SRA1 (CYFIP), NAP1 (Kette), and
Scar protein stability have a high degree of interdepen-
dence [42]. We therefore tested for the presence ofNAP1 in the same wave backgrounds described above.
The NAP1 antibody recognizes a specific protein that is
of the predicted size and is not present in nap1 extracts
(Figure 4A, lanes 1 and 3). In triplicate experiments,
NAP1 levels in sra1, scar2, and brk1 shoot extracts did
not differ significantly from the wild-type. These data in-
dicate that the BRK1-dependent stabilization of SCAR2
is selective, and that the mutation does not cause global
WAVE-subunit degradation. We ruled out the possibility
that the absence of SCAR2 inbrk1 could be explained by
a failure to accumulate SCAR2 RNA. Total RNA was iso-
lated from the same set of WAVE mutants, and the
SCAR2 transcript was detected by using reverse tran-
scription (RT)-PCR. SCAR2 transcripts are detected at
similar levels in wild-type and brk1 plants (Figure 4B,
lanes 1 and 5). Therefore, the most likely explanation is
that BRK1 selectively stabilizes SCAR2. If SCAR2 stabil-
ity is BRK1-dependent, brk1 single-mutant and brk1
scar2 double-mutant phenotypes should be identical.
We isolated several brk1 scar2mutants from a segregat-
ing F2 population. As expected, the trichome branch
length and cotyledon pavement-cell circularity and
area of brk1 scar2 are indistinguishable from those of
brk1 siblings. Therefore, the genes function in a common
Figure 4. Loss of BRK1 Selectively Destabilizes the Arp2/3 Activator
SCAR2
(A) Western-blot analysis of SCAR2 (upper panel), NAP1 (middle
panel), and PEPC (lower panel, loading control) in protein extracts
from several wave mutants that are labeled at the top of the panel.
The position of the protein standards is shown on the left side of
the blot.
(B) RT-PCR analysis indicating transcript levels of SCAR2, NAP1,
and GAPC in the same backgrounds used in panel (A). The dis3-1
(scar2) allele causes premature transcriptional termination of
SCAR2 [9], and therefore the transcript is not detected. The GAPC
control proves that the RNA samples are intact. The primer se-
quences for SCAR2 are described in [9]. The NAP1GRL transcript
from exons 10 to 19 was tested with the same primers as in [28].
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900pathway, and residual SCAR2 activity is not apparent in
brk1 mutants.
We favor a model in which BRK1 binds to SCAR2 and
increases its stability. It has been shown that BRK1/
HSPC300 physically interacts with Scar/WAVE proteins
[13, 39], and that the interaction occurs through the con-
served N-terminal Scar homology domain (SHD) [40].
Arabidopsis BRK1 physically interacts with the same
domain of SCAR2 [18]. Because Arabidopsis has re-
tained all of the WAVE-complex protein domains that
are required for complex assembly, we expect the plant
data to be of predictive value for other multicellular
organisms that utilize BRK1/HSPC300-SHD binding
interactions. In cultured Drosophila cells, the level of
Scar protein in wave backgrounds can be increased by
poisoning the proteasome with an inhibitor [11]. Arabi-
dopsis BRK1 may bind SCAR2 and mask a determinant
of proteasome-dependent degradation. If this model is
correct, BRK1 may stabilize SCAR2 in free or complex-
bound forms as it is synthesized or as it is recycled dur-
ing multiple rounds of ARP2/3 activation, release, and
sequestration.
Clearly, destabilization of SCAR2 alone does not ex-
plain the severe brk1 phenotype, because scar2 pheno-
types are much less severe than those of brk1. SCAR2 is
likely to function redundantly with SCAR1, SCAR3, and/
or SCAR4, each of which encodes both an SHD and
a predicted C-terminal Arp2/3 activation domain termed
WA [9, 18]. Because BRK1 is likely to bind to the SHD of
allArabidopsisSCARs, we propose that the entireSCAR
gene family is functionally eliminated by the loss of
BRK1. In this scenario, brk1 phenotypes resemble those
of arp2/3 plants because the WAVE activation pathway
has been completely eliminated. However, compared
with SCAR2, SCAR3 and SCAR4 appear to activate
bovine Arp2/3 with greatly reduced efficiency [9, 40].
Therefore the SCAR paralogs that function in the
WAVE-Arp2/3 pathway remain to be identified. A better
understanding of BRK1-SCAR morphogenesis path-
ways requires additional genetic and biochemical anal-
yses.
Supplemental Data
Supplemental Data include detailed experimental procedures and
an image of the brk1 hypocotyl epidermal adhesion phenotype and
are available with this article online at: http://www.current-biology.
com/cgi/content/full/16/9/895/DC1/.
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